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CURING COATINGS ON GLASS
CONTAINERS

The present disclosure 1s directed to coated glass contain-
ers, to coating processes including methods and materials for
coating glass containers, and to curing glass container coat-
ngs.

BACKGROUND AND SUMMARY OF TH.
DISCLOSURE

(L]

Various processes have been developed to apply coatings
to glass containers for different purposes including decora-
tion, adhesion, and glass strengthening for damage preven-
tion. For example, U.S. Pat. No. 4,009,301 discloses a method
and apparatus for powder coating glass containers. Uncoated
glass containers are pre-heated 1n an oven to about 150-425 F,
sprayed with a powder coating 1n a spray tunnel, and then
heated 1n a convection oven to about 400-425 F to cure the
coating on the glass containers. Such conventional curing of
thermal coatings requires tens of minutes to complete and,
thus, cannot be carried out 1n an on-line manner at current
container manufacturing line speeds.

A general object of the present disclosure, 1n accordance
with one aspect of the disclosure, 1s to eliminate the need for
using separate curing ovens in an off-line or downstream
operation, and to provide a coating curing technique that 1s
more rapid than convection oven thermal curing but has dura-
bility benefits normally associated with oven cured coatings,
and to provide curing materials that enhance coating proper-
ties.

The present disclosure embodies a number of aspects that
can be implemented separately from or 1n combination with
cach other.

A method of applying a coating to a glass container in
accordance with one aspect of the disclosure includes the
steps of coating an exterior surface of the glass container with
a thermally-curable coating material containing electrically-
conductive nanoparticles, and exposing the coated container
to radio frequency radiation such that absorption of the radio
frequency radiation by the nanoparticles internally heats and
cures the thermally-curable coating material on the exterior
surface of the glass container to result in a cured coating on
the glass container.

In accordance with another aspect of the disclosure, there 1s
provided a method of applying a coating to a glass container.
The method includes coating an exterior surface of the glass
container with a thermally-curable coating maternial com-
posed of at least one of the members selected from the group
consisting of: silane, siloxane, silicone, urethane, acrylate,
and epoxy, and with electrically-conductive nanoparticles of
1 to 100 nanometers along their largest dimension and com-
posed of at least one of the members selected from the group
consisting of: copper, gold, silver, platinum, aluminum, zinc
oxide (undoped, and/or doped with fluorine, aluminum, gal-
llum, and/or indium), zinc stannate (ZnSnO3 or Zn25Sn04),
tin dioxide (undoped, and/or doped with fluorine, antimony,
phosphorus, and/or boron), and indium tin oxide. The method
also 1ncludes exposing the coated container to radio fre-
quency radiation of less than one gigahertz such that absorp-
tion of the radio frequency radiation by the nanoparticles
internally heats and cures the thermally-curable coating
material on the exterior surface of the glass container to result
in a cured coating on the glass container.

In accordance with a further aspect of the disclosure, there
1s provided a method of applying a coating to a glass con-
tainer. The method includes coating an exterior surface of the
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glass container with a thermally-curable coating material to
impart one or more desirable properties to the glass container
including at least one of strength, color, or ultraviolet protec-
tion properties. The method also includes coating the exterior
surface of the glass container with electrically-conductive
nanoparticles for use as susceptors to absorb radio frequency
radiation and 1internally transier heat to the thermally-curable
coating material, and also for use 1n at least one of supple-
menting the thermally-curable coating material 1n imparting,
the one or more desirable properties to the glass container or
complementing the thermally-curable coating material to
impart one or more additional desirable properties to the glass
container including at least one of strength, color, ultraviolet
protection, or antimicrobial properties. The method further
includes exposing the coated container to radio frequency
radiation such that absorption of the radio frequency radiation
by the nanoparticles internally heats and cures the thermally-
curable coating material on the exterior surface of the glass
container to result 1n a cured coating on the glass container.

In accordance with an additional aspect of the disclosure,
there 1s provided a product including a glass container includ-
ing an exterior surface, and a coating cured on the exterior
surface of the glass container. The cured coating includes
clectrically-conductive nanoparticles radiated by radio fre-
quency radiation, and a thermally-curable coating material
cured by heat generated by the radiated electrically-conduc-
tive nanoparticles.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure, together with additional objects, features,
advantages and aspects thereof, will be best understood from
the following description, the appended claims and the
accompanying drawings, 1n which:

FIG. 1 1s a schematic view of a coating application process
for a glass container in accordance with an exemplary
embodiment of the present disclosure;

FIG. 2 1s a schematic view of a coating curing process
downstream of the process of FIG. 1 and 1n accordance with
another exemplary embodiment of the present disclosure; and

FIG. 3 1s a table of various combinations of thermally-
curable coating material properties and nanoparticle proper-
ties for a glass container 1 accordance with exemplary
embodiments of the present disclosure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 illustrates an exemplary embodiment of a glass
container coating application process 10. The process 10 may
include recewving a glass container 12, for example, via a
material handling apparatus 14. The glass container 12
includes a bottle as shown, a jar, or any other suitable type of
container, and includes an exterior surface 16. The material
handling apparatus 14 includes any suitable device(s) to
immobilize, rotate, invert, raise, lower, or otherwise move the
glass container 12.

Also, the process 10 includes receiving a coating material
18 and eclectrically conductive nanoparticles 20. The ther-
mally-curable coating material 18 1s used to impart one or
more desirable characteristics or properties to the glass con-
tamner 12 at existing container manufacturing line speeds,
which typically range about 25 to 600 containers per minute.
For instance, the thermally-curable coating material 18 may
impart one or more of the following properties to the con-
tainer 12: strength, color, and/or ultraviolet (UV) protection.
The electrically conductive nanoparticles 20 are used prima-
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rily as curing materials to cure the thermally-curable coating
material 18. Preferably, the nanoparticles 20 are used as sus-
ceptors to absorb electromagnetic energy and convert 1t to
thermal energy, which 1s used for heat transier from the nano-
particles 20 to molecules in the thermally-curable coating
material 18 to heat, and thereby cure, the thermally-curable
coating material 18 on the glass container 12. The nanopar-
ticles 20 also may have one or more secondary purposes as
will be described below.

Further, the process 10 includes applying the thermally-
curable coating material 18 and the nanoparticles 20 to the
glass container 12, for example, using an applicator 22 of any
suitable type. For example, the applicator 22 may include a
sprayer, bath, or any other suitable device(s), thatmay be used
to apply the thermally-curable coating material 18 and nano-
particles 20 to the glass container 12. In one embodiment, the
applicator 22 may blend or mix the thermally-curable coating
material 18 and the nanoparticles 20 together, and apply them
in combination as a blended, applied coating 19. In another
embodiment, the thermally-curable coating material 18 and
the nanoparticles 20 may be applied separately to the con-
tainer 12 by one or more applicators. Also, 1t 1s possible, but
not necessary, to modily or functionalize nanoparticle sur-
faces with any suitable organic moieties to improve solubility
or dispersability of the nanoparticles.

As 1llustrated 1n FIG. 2, the process 10 includes applying
clectromagnetic (EM) radiation 24 to the nanoparticles 20
applied to the glass container 12, for example, using an EM
emitter 26 of any suitable type. In general, EM radiation
includes two orthogonal components—magnetic and electri-
cal, and for a material of interest to absorb EM radiation, the
material couples with either of the electrical or magnetic
components. For example, magnetic particles are typically
from 10 to 1,000 microns 1n diameter and include ferromag-
netic oxides, and metals like iron, cobalt, and nickel. But such
particles may be disadvantageous 1n that they are greater in
s1ze than the wavelength of visible light and, thus, would not
result 1n a desired level of transparency when applied to the
glass container 12. In another example, electrically polar
particles include 1onic or polar compounds such as lithium
salts like lithium perchlorate and lithium acetate, or other
inorganic salts such as tin or zinc chlorides and their hydrates
and 1onomers. It1s believed that dispersion of such particles in
the presently disclosed coating materials would be particu-
larly difficult and would have a negative influence on trans-
parency of a resulting coating and glass article.

The applied EM radiation 24 1s radio frequency (RF) radia-
tion excluding microwave radiation. In particular, the radia-
tion 24 may be low frequency radiation ranging from 30 to
300 kilohertz (KHz), medium frequency radiation ranging
from 300 KHz to 3 megahertz (MHz), and/or high frequency
radiation ranging from 3 to 30 MHz. Nonetheless, the radia-
tion 24 may include ultrahigh and very high frequency RF
bands less than microwave radiation. As used herein, the
terminology microwave radiation generally includes electro-
magnetic waves having a wavelength between about 0.3 and
30 centimeters, and corresponding to frequencies of one giga-
hertz (GHz) to 100 GHz. Also, the radiation 24 may include
very low to extremely low frequency RF bands.

In any event, the radiation 24 provides intense, localized
heating of the nanoparticles 20. Preferably, the nanoparticles
20 absorb, or couple with the electrical components of, the
radio frequency radiation, and then heat and cure the ther-
mally-curable coating material 18 on the exterior surface of
the glass container 12. In other words, via thermal conduction
or heat transfer, the heated nanoparticles 20 provide heat to
areas adjacent the nanoparticles 20 including molecules of
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the thermally-curable coating material 18. Also, the nanopar-
ticle-heated molecules of the thermally-curable coating mate-
rial 18 may provide heat to other molecules of the thermally-
curable coating material 18. Accordingly, the applied coating
becomes cured and results 1n a cured coating 119 on the glass
container 12, thereby resulting 1n a cured coated container
112.

The thermally-curable coating material 18 may be a liquad
or a powder form, and preferably 1s an organic material. For
example, the thermally-curable coating material 18 may
include one or more of a silane, siloxane, silicone, urethane,
acrylate, or an epoxy material, or any other suitable polymeric
material, and it 1s believe that such may be provided with or
without binders, fillers, or the like. In any case, the thermally-
curable coating material 18 may be a relatively transparent
maternal. For example, the thermally-curable coating material
18 preferably does not reduce the transparency (or increase
the opacity) of the container 12 by greater than about 15%.

The nanoparticles 20 may be, for example, about 1 to 500
nanometers along their largest dimension. A preferable range
1s about 1 to 250 nanometers, and a more preferable range 1s
about 1 to 100 nanometers. The nanometer size allows the
cured coating material 18 to substantially remain transparent.
For example, the particle containing coating preferably does
not reduce the transparency (or increase the opacity) of the
container by greater than about 15%. An example range of
nanoparticle percentage relative to the overall applied coating
by weight 1s about 0.5 to ten percent. A preferable range 1s
about 0.5 to five percent by weight, and a more preferable
range 1s about 0.5 to one percent by weight.

The nanoparticles 20 may be 1n any suitable form. For
example, the nanoparticles 20 may be in the form of nano-
tubes, nanospheres, nanorods, nanofibers, nanocups, or in any
other suitable form.

The nanoparticles 20 may be composed of any suitable
non-magnetic electrically conductive material(s). Preterably,
the nanoparticles 20 may be composed of any suitable non-
terrous electrically conductive material(s). For example, the
nanoparticles 20 may include transition and/or post-transi-
tion elements, including but not limited to copper, gold, sil-
ver, platinum, and/or aluminum. In other examples, the nano-
particles 20 may include one or more electrical conducting
oxides. The electrical conducting oxides may be non-mag-
netic or non-ferrous metal oxides, and particular examples
may include one or more of zinc oxide (undoped, and/or
doped with fluorine, aluminum, galllum, and/or indium), zinc
stannate (ZnSnO3, Zn2Sn04), tin dioxide (undoped, and/or
doped with tluorine, antimony, phosphorus, and/or boron), or
indium tin oxide (ITO).

In addition to serving as susceptors to absorb radio fre-
quency radiation and internally transfer heat to and cure the
thermally-curable coating material 18, the nanoparticles 20
also may be used for one or more secondary purposes, for
example, to supplement the thermally-curable coating mate-
rial 18 in imparting the desirable property(ies) to the glass
container 12, and/or to complement the thermally-curable
coating material 18 by imparting some additional desirable
property(ies) to the glass container 12. More particularly, the
nanoparticles 20 may impart one or more of the following
properties to the container 12: strength, color, ultraviolet pro-
tection, and/or antimicrobial properties.

Any suitable combination of properties of the thermally-
curable coating material 18 and the nanoparticles 20 may be
used. For example, FIG. 3 illustrates various combinations of
thermally-curable coating material properties and nanopar-
ticle properties for the container 12. Below, a few of these
example combinations are discussed 1n further detail.
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In one embodiment, the container 12 may include a ther-
mally-curable coating material for strengthening the con-
tainer 12, and nanoparticles 20 may be used to supplement
and/or complement the thermally-curable coating material 18
in one or more ways. In a first example of this embodiment,
the nanoparticles 20 may be used to supplement the strength-
ening properties of the thermally-curable coating material 18
to Turther strengthen the container 12. In a second example,
the nanoparticles 20 impart color properties to the container
12. For instance, transition elements may be used for their
susceptor properties as well as to impart size-dependent color
(absorption) to the container 12. It 1s believed that color of the
coating can be tuned by controlling the size and size distri-
bution of the nanoparticles and by the concentration of the
nanoparticles in the cured coating. An example range of nano-
particle size in this regard 1s about 1 to 250 nanometers.
Copper and/or gold nanoparticles are specific examples of
transition elements that may be used to impart color. In
another instance of the second example, aluminum and/or
silver nanoparticles may be used for their susceptor proper-
ties as well as for their relative colorlessness to result 1n a
relatively colorless coating on the glass container 12. As used
herein, the terminology color properties may include achro-
matic colors like white, gray, and black, colorlessness, or
colors like red and blue for example. In a third example, the
nanoparticles 20 impart ultraviolet protection to the container
12. For instance, zinc oxide nanoparticles (doped or undoped)
may be used to impart ultraviolet light protection to the con-
tainer 12. Those of ordinary skill in the art will recognize that
ultraviolet protection properties may include UV blocking or
UV filtering of a desired percentage of UV light. In a fourth
example, the nanoparticles 20 impart antimicrobial proper-
ties to the container 12. For instance, silver nanoparticles may
be used to impart antimicrobial properties to the container 12.

In another embodiment, the container 12 may include a
thermally-curable coating material 18 for coloring the con-
tainer 12, and nanoparticles 20 to supplement or complement
the thermally-curable coating material 18. In a first example
of this embodiment, the nanoparticles 20 strengthen the con-
tainer 12. In a second example, the nanoparticles 20 supple-
ment the thermally-curable coating material 18 by further
imparting color to the container 12. In a third example, the
nanoparticles 20 impart ultraviolet protection to the container
12. In a fourth example, the nanoparticles 20 impart antimi-
crobial properties to the container 12.

In a further embodiment, the container 12 may 1nclude a
thermally-curable coating material 18 for imparting UV pro-
tection to the container 12, and nanoparticles 20 that supple-
ment or complement the thermally-curable coating material
18. In a first example of this embodiment, the nanoparticles
20 strengthen the container 12. In a second example, the
nanoparticles 20 impart color to the container 12. In a third
example, the nanoparticles 20 supplement the UV protection
properties of the thermally-curable coating material 18 to
turther impart ultraviolet protection to the container 12. In a
fourth example, the nanoparticles 20 impart antimicrobial
properties to the container 12.

Contrary to conventional wisdom, 1t 1s now believed that
the small size of the nanoparticles 20 may be particularly
advantageous for rapid and thorough heating of the ther-
mally-curable coating material 18 to result 1n a good coating.
Conventionally, 1t was believed that particle size on the order
of 150 micrometers was optimal for use 1n conjunction with
curing ol coatings at microwave power and frequency set-
tings. It 1s presently believed that because nanoparticles have
a particularly high surface area to volume ratio, use of nano-
particles will enable curing of a coating using less than micro-
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wave power and Irequency, at relatively lower curing tem-
peratures, and/or for shorter curing times than ever before
possible. For example, it 1s presently believed that the pres-
ently disclosed method may result in decreasing curing times
to seconds or fractions of a second, thereby permitting coat-
ing ol containers 1n an on-line manner at existing container
manufacturing line speeds.

There thus has been disclosed a method of curing coatings
on glass containers that fully satisfies all of the objects and
aims previously set forth. The disclosure has been presented
in conjunction with several exemplary embodiments, and
additional modifications and variations have been discussed.
Other modifications and variations readily will suggest them-
selves to persons of ordinary skill 1in the art 1n view of the
foregoing discussion. The disclosure 1s intended to embrace
all such modifications and variations as fall within the spirit
and broad scope of the appended claims.

The invention claimed 1s:

1. A method for thermally curing a coating on a glass
container, which includes the steps of:

(a) coating an exterior surface of a glass container with a
thermally-curable coating material consisting essen-
tially of a polymeric material and 0.5-10 wt. % electri-
cally conductive nanoparticles, said nanoparticles rang-
ing in size from 1-100 nanometers along their largest
dimension; and then

(b) exposing said coated glass container to radio frequency
radiation having a frequency in the range of 30 kilohertz
to 30 megahertz such that absorption of said radio fre-
quency radiation by said nanoparticles internally heats
and cures said thermally-curable coating material to
form a cured coating on said exterior surface of said
glass container that does not reduce the transparency of
said glass container by greater than 15%,

wherein said cured coating 1s formed in said step (b) by
exposing said coated glass container of said step (a) to
said radio frequency radiation for less than 2.4 seconds.

2. The method set forth 1 claim 1 wherein said cured
coating 1s formed 1n said step (b) by exposing said coated
glass container of said step (a) to said radio frequency radia-
tion for less than one second.

3. The method set forth 1n claim 1 wherein said electrically
conductive nanoparticles are non-ferrous and include a tran-
sition metal element, a post-transition metal element, an elec-
trically conductive metal oxide, or a combination thereof.

4. The method set forth in claim 1 wherein said electrically
conductive nanoparticles include one or more materials
selected from the group consisting of copper, gold, silver,
platinum, and aluminum.

5. The method set forth 1n claim 1 wherein said electrically
conductive nanoparticles are susceptors, and are formulated
to absorb said radio frequency radiation of said step (b) and to
internally transfer heat to said thermally-curable coating
material during said step (b).

6. The method set forth 1n claim 1 wherein said electrically
conductive nanoparticles do not include an 1onic compound
and also do not include a polar compound.

7. The method set forth 1in claim 1 wherein said electrically
conductive nanoparticles supplement or complement said
thermally-curable coating material by imparting strength,
color, ultraviolet protection, antimicrobial properties, or a
combination thereot to the glass container.

8. The method set forth 1n claim 1 wherein said polymeric
material 1s selected from the group consisting of silane, si1lox-
ane, silicone, urethane, acrylate, and epoxy.
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9. The method set forth in claim 8 wherein said step (a)
includes applying a mixture of said polymeric material and
said electrically conductive nanoparticles to said exterior sur-
face of said glass container.

10. The method set forth 1n claim 8 wherein said step (a)
includes separately applying said polymeric material and said
clectrically conductive nanoparticles to said exterior surface
of said glass container.

11. A method for thermally curing a coating on a glass
container, which includes the steps of:

(a) coating an exterior surface of a glass container with a
thermally-curable coating material consisting essen-
tially of a polymeric matenial and 0.5-10 wt. % electri-
cally conductive nanoparticles; and then

(b) exposing said coated glass container to radio frequency
radiation such that absorption of said radio frequency
radiation by said nanoparticles internally heats and cures
said thermally-curable coating material to form a cured
coating on said exterior surface of said glass container.

12. The method set forth 1n claim 11 wherein said cured
coating does not reduce the transparency of said glass con-
tainer to visible light by greater than 15%.

13. The method set forth 1n claim 11 wherein said radiation
has a frequency 1n the range of 30 kilohertz to 30 megahertz.

14. The method set forth 1n claim 11 wherein said nano-
particles range in size from 1-100 nanometers along their
largest dimension.

15. The method set forth 1n claim 13 wherein said cured
coating 1s formed 1n said step (b) by exposing said coated
glass container of said step (a) to said radio frequency radia-
tion for less than 2.4 seconds.

16. The method set forth 1n claim 14 wherein said cured
coating does not reduce the transparency of said glass con-
tainer by greater than 15%.

17. The method set forth 1n claim 16 wherein said cured
coating 1s formed 1n said step (b) by exposing said coated
glass container of said step (a) to said radio frequency radia-
tion for less than 2.4 seconds, and said radiation has a fre-
quency 1n the range of 30 kilohertz to 30 megahertz.

18. The method set forth 1n claim 1 wherein said cured
coating does not reduce the transparency of said glass con-
tainer to visible light by greater than 15%.

19. The method set forth 1n claim 1 wherein said electri-
cally conductive nanoparticles include one or more matenals
selected from the group consisting of zinc oxide, zinc stan-
nate, fluorine doped zinc oxide, aluminum doped zinc oxide,
gallium doped zinc oxide, indium doped zinc oxide, tin diox-
ide, mndium tin oxide, fluorine doped tin dioxide, antimony
doped tin dioxide, phosphorus doped tin dioxide, and boron
doped tin dioxide.

20. The method set forth 1n claim 11 wherein said poly-
meric material 1s selected from the group consisting of silane,
siloxane, silicone, urethane, acrylate, and epoxy.

21. The method set forth 1n claim 11 wherein said electri-
cally conductive nanoparticles are non-ferrous and include a
transition metal element, a post-transition metal element, an
clectrically conductive metal oxide, or a combination thereof.
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22. The method set forth 1n claim 11 wherein said electri-
cally conductive nanoparticles include one or more materials
selected from the group consisting of copper, gold, silver,
platinum, and aluminum.

23. The method set forth 1n claim 11 wherein said electri-
cally conductive nanoparticles include one or more materials
selected from the group consisting of zinc oxide, zinc stan-
nate, fluorine doped zinc oxide, aluminum doped zinc oxide,
gallium doped zinc oxide, indium doped zinc oxide, tin diox-
ide, mndium tin oxide, fluorine doped tin dioxide, antimony
doped tin dioxide, phosphorus doped tin dioxide, and boron
doped tin dioxide.

24. A method for thermally curing a coating on a glass
container, which includes the steps of:

(a) coating an exterior surface of a glass container with a
thermally-curable coating material consisting essen-
tially of a polymeric material and 0.5-10 wt. % electri-
cally conductive nanoparticles, wherein said polymeric
material 1s selected from the group consisting of silane,
sitloxane, silicone, urethane, acrylate, and epoxy, and
wherein said nanoparticles range in size from 1-100
nanometers along their largest dimension; and then

(b) exposing said coated glass container to radio frequency
radiation having a frequency in the range of 30 kilohertz
to 30 megahertz such that absorption of said radio fre-
quency radiation by said nanoparticles internally heats
and cures said thermally-curable coating material to
form a cured coating on said exterior surface of said
glass container that does not reduce the transparency of
said glass container by greater than 15%,

wherein said cured coating 1s formed 1n said step (b) by
exposing said coated glass container of said step (a) to

said radio frequency radiation for less than 2.4 seconds.

25. The method set forth 1 claim 24 wherein said electri-
cally conductive nanoparticles are non-ferrous and include a
transition metal element, a post-transition metal element, an
clectrically conductive metal oxide, or a combination thereof.

26. The method set forth 1n claim 24 wherein said electri-
cally conductive nanoparticles include one or more materials
selected from the group consisting of copper, gold, silver,
platinum, and aluminum.

277. The method set forth 1n claim 24 wherein said electri-
cally conductive nanoparticles include one or more materials
selected from the group consisting of zinc oxide, zinc stan-
nate, fluorine doped zinc oxide, aluminum doped zinc oxide,
gallium doped zinc oxide, indium doped zinc oxide, tin diox-
ide, mndium tin oxide, fluorine doped tin dioxide, antimony
doped tin dioxide, phosphorus doped tin dioxide, and boron
doped tin dioxide.

28. The method set forth in claim 24 wherein said electri-
cally conductive nanoparticles supplement or complement
saild thermally-curable coating material by 1mparting
strength, color, ultraviolet protection, antimicrobial proper-
ties, or a combination thereot to the glass container.
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